Background: Obesity represents a serious threat to health through its association with conditions such as type 2 diabetes mellitus, coronary heart disease and certain types of cancer. Knowledge regarding risk to health is an important determinant of behaviour and is the focus of many health education strategies. To the authors' knowledge, there is no valid and reliable measure of knowledge regarding the health risks associated with obesity. Aim: To validate a short, reliable psychometric scale measuring knowledge regarding the effects of obesity on health, the Obesity Risk Knowledge (ORK-10) scale. Methods: The ORK-10 scale was administered to a sample of individuals with no specific obesity-related expertise (n ¼ 230) and a sample of experts (n ¼ 200). Univariate and multivariate statistical analyses were used to investigate the scale's criterion validity.
Introduction
Among scientific and medical communities, for example, the World Health Organization, 1 there is an international consensus that obesity represents a serious threat to health. Obesity is strongly associated with, and is considered a significant risk factor for a number of life-threatening and debilitating conditions, including type 2 diabetes mellitus, coronary heart disease, certain types of cancers, female infertility and back pain. 1 Despite recent advances in identifying genetic determinants of obesity, changes in eating patterns and increasingly sedentary lifestyles are considered the most likely explanation for the increasing rates of obesity in the UK. 2 The significant role of lifestyle factors in the aetiology of obesity, however, does offer some cause for optimism as not only are they theoretically modifiable, but lifestyle modification is considered to be the most effective means of tackling obesity in the community. 1 Social cognition theory suggests that behaviour, which occurs in a social context such as eating and physical activity, is not directly determined by the external stimulus of a situation, but by mediating internal mental processes such as knowledge, attitudes and beliefs. 3 As Conner and Norman 4 point out, there is a sound justification for focusing on these mediating internal mental processes as a means of promoting behaviour change, for example, through health education and promotion. Not only are cognitions considered important proximal determinants of behaviour, they are also relatively open to modification. Expectancy Value (EV) Theory 5 and Subjective Expected Utility (SEU) Theory 6 suggest that knowledge regarding health risks is thought to promote positive health behaviours by influencing the desirability of that course of action and is, therefore, an important element of health promotion strategies. The levels of knowledge regarding the health risks associated with obesity are, however, considered to be poor, for example, the British Nutrition Foundation suggests that 'yobesity is not seen as a health hazard by most of the public and the media, despite the evidence available' (p 202). 7 Although health education interventions to date have not appreciably reduced the prevalence of obesity, they have primarily focused upon weight loss and weight maintenance strategies rather than health risk information. 8 Previous research has, however, demonstrated that weight control behaviour is not associated with nutrition knowledge. 9,10 As
Jebb et al 11 point out, 'There is a temptation for scientists and journalists to leap to providing action-orientated messages, yet the majority of the population has not yet reached this stage of change, and hence the information fails to initiate change' (p 579). Health risk messages have been found to be widely effective in antismoking campaigns if they are incorporated in persuasive, innovative ways and are supported by advice on how to quit. 12 In terms of obesity-related health education, the communication of health risk knowledge has received some support in the academic literature 11 and is a central feature of a national obesity awareness campaign proposed in the recent Government White Paper 'Delivering Choosing Health: making healthier choices easier'. 13 In addition to its role in determining behaviour and/or intentions, health risk knowledge is also important to ensure that individuals make informed decisions regarding their health.
14 Although the goal of health education is to change behaviour it has been argued that the most appropriate outcome measure for the evaluation of education-based health promotion strategies is improved knowledge level. 15 Knowledge regarding the effects of obesity on health has been assessed in a number of populations, for example, [16] [17] [18] however these studies did not use specific, psychometrically sound measures, thereby limiting conclusions that can be made.
The present study aims to validate a short, reliable scale to measure knowledge regarding the health risks associated with obesity for use with an adult UK population.
Aim
To establish criterion validity for the Obesity Risk Knowledge (ORK-10) scale.
Hypothesis
Participants with specific obesity-related expertise will achieve significantly higher scores on the ORK-10 scale compared to participants with no-specific obesity-related expertise, thereby establishing criterion validity.
Method

Study design
A cross-sectional survey.
Sampling
Nonexperts. Opportunistic sampling was used to recruit individuals with no specific obesity-related expertise from a workforce at a general department store located in the West Midlands and an air freight service based in the East Midlands and the South East. Data collection took place during May 2004.
Experts. Opportunistic sampling was used to recruit individuals with specific obesity-related expertise from members of the Association for the Study of Obesity (ASO). The period of data collection was between September and October 2004.
Measures ORK-10 scale. The ORK-10 scale is a 10-item instrument measuring knowledge regarding the health risks associated with obesity (see Appendix A). The scale is designed to be self-completed with respondents being required to judge whether statements are 'True' or 'False' by ticking the appropriate box. If respondents were uncertain about the correct response, they are encouraged to use a 'Don't know' option to reduce the distorting effect of guessing. Responses are treated as dichotomous variables where correct responses score one point, while incorrect and don't know responses score zero points. Scores on the ORK-10 scale range between zero and 10 with higher scores indicating higher levels of knowledge.
The scale's items were designed using the guiding principles outlined by Kline 19 and Oppenheim 20 and their selection was based upon their superior psychometric properties following extensive pilot work of a large pool of items involving 283 individuals. The obesity-related comorbidities used in the item pool were selected as meaningful examples of the wide variety of physical health consequences of obesity on the basis that (a) obesity was a significant risk factor to the condition; (b) they were common conditions in the UK population; (c) they significantly added to the burden of disease; and (d) the medical terminology could be adequately expressed in lay terms. The pilot work revealed that the Cronbach's alpha coefficient for the ORK-10 scale X0.7, indicating the scale is Sociodemographic characteristics. A structured questionnaire was used to obtain details of age, gender, marital status, ethnicity and level of education. Occupation was obtained using a free response question and status coded using the National Statistics Socio-economic Classification (NS-SEC). 22 Respondents were also asked to record their current height and weight.
Format. Nonexperts completed a traditional 'pen-and-paper' version of the instrument while the experts completed a self-paced, electronic version online using Test Pilot (Version 3.2.2). The item wording and order on the two versions were, however, identical while the questionnaire lay-out and instructions for completion were highly comparable.
Procedures
To ensure data protection questionnaires, together with invitation letters, information sheets and free-post envelopes, were distributed to employees by senior members of staff in the nonexpert group while emails inviting members to participate and directing them to the questionnaire's web-site were sent out by the secretary of the ASO. The use of an online version in the expert group was necessary to reduce the burden placed upon the host organization during recruitment. The original pen-and-paper version was retained in the nonexpert group to take into account potentially restricted internet-access.
Ethical considerations
This study received approval from the Nottingham University Medical School Ethics Committee. Participants were considered to have consented to taking part in the study if they completed and returned a questionnaire.
Data analysis
All data analyses were conducted using SPSS (Version 11.5). Prior to analysis, the data set was screened for missing values and examined for fit between the variables and the assumptions of multivariate analysis. 23 Appropriate parametric or nonparametric statistics and the scale's psychometric properties were then assessed from the subset of useable responses. Finally, multiple regression analysis was conducted to test the hypothesis and, therefore, to investigate the scale's criterion validity.
Results
Response rate
Of the 1852 individuals invited to participate in this study, 584 responses were received in total, resulting in a response rate of 31.5% (Table 1 ). It was estimated that the sample sizes obtained would be sufficient to detect a difference of 1.2 points between the groups on the ORK-10 scale (Po0.05, b ¼ 0.99). This is less than half a standard deviation of the scores produced by the total population of experts and nonexperts and would represent an increase in scores in the nonexpert sample of more than 30%.
Data screening
Responses were excluded from the analysis if the participant had indicated that they had trouble reading English (n ¼ 11). Of the remaining 573 participants, the only variable with more than 5% missing values was socioeconomic status (n ¼ 86, 15.0%). As t-tests and w 2 revealed that missing data for socioeconomic status were not systematically associated with missing data on any other variable, the 137 cases with missing data were deleted from the data set. Six further cases were removed as they were considered to represent significant univariate (z-score43.29 (Po0.001, two-tailed test)) or Respondents' sociodemographic characteristics Participants in the expert group were found to be significantly different to nonexperts on a range of sociodemographic variables; age, self-reported body mass index, sex, marital status, socio-economic status and education level ( Table 2) . No significant differences were, however, found in ethnicity with both samples dominated by White Europeans (Table 2) .
Respondents' ORK-10 scale score distribution ORK-10 scale scores achieved by both the expert and nonexpert group displayed a non-Gaussian distribution and ranged from 4 to 10 (median ¼ 9.0, interquartile range ¼ 2.0) and 0 to 8 (median ¼ 4.0, interquartile range ¼ 2.0), respectively ( Figure 1 and Table 3 ).
Item difficulty, item discrimination and internal consistency All 10 items produced a corrected item-total correlation X0.3 and the ORK-10 scale produced a Cronbach's alpha coefficient of 0.83. Among the nonexpert sample, the P-value of three items failed to reach the recommended 0.2 cutoff 19 (Table 4) .
Criterion validity
In univariate analysis the expert group achieved considerably higher scores than the nonexpert group (median 9.0 vs A valid scale to measure knowledge about obesity-related health risks JA Swift et al 4.0), and this difference was highly significant (Z ¼ À17.364; Po0.001) ( Table 3) . Potentially confounding factors were identified using a standard linear regression analysis in which ORK-10 scale scores were entered as the dependent variable with age, selfreported body mass index, gender, marital status, expertise, socioeconomic status and education level entered as independent variables. Ethnicity was excluded from this analysis as the frequency of cases exceeded the recommended 90:10 split. 23 The partial regression coefficients were statistically significant for age (B ¼ 0.031, t 423 ¼ 4.303, Po0.001) and expertise (B ¼ 2.237, t 423 ¼ 22.976, Po0.001) only. Age was, therefore, considered to be a potential confounding variable. Due to the potential for autocollinearity between socioeconomic status and education level and the significant differences in these variables between the expert and nonexpert groups, the more complete variable -education level -was also retained as a potentially confounder. Selfreported body mass index, gender, marital status and socioeconomic status were, therefore, excluded from the subsequent hierarchical analyses to determine the proportion of variance explained by expertise.
The hierarchical multiple regression analysis using ORK-10 scale scores as the dependent variable with education level and age entered as independent variables in step 1 followed by expertise in step 2 revealed that age and education level explained 29.9% of the variance in scores, with education level explaining a higher proportion of the variance than age (standardised b ¼ 0.508 and 0.239, respectively) ( Table 5 (Table 5 ). Higher scores on the ORK-10 scale were associated with being older, having attained a higher educational qualification and being an expert.
An additional hierarchical multiple regression analysis was performed on the subset of data from participants who indicated that they had attained a higher educational qualification (n ¼ 313) using ORK-10 scale scores as the dependent variable with age entered as the first independent variable followed by expertise in step 2. Age significantly predicted scale scores, explaining 8.5% of the variance (F 1,311 ¼ 28.984, Po0.001) while expertise accounted for a further 64.5% (F 1,310 ¼ 420.062, Po0.001). Once again, higher scores on the ORK-10 scale were associated with being older and being an expert.
Discussion
The ORK-10 scale proved to be a reliable measure of obesity risk knowledge with a level of internal consistency for the total scale which exceeds the accepted minimum of a Cronbach's alpha X0.7 described by Kline. 19 This result is particularly significant considering that the scale measures a broad area of knowledge with relatively few items; factors that are known to reduce internal consistency. 19 While testretest reliability has been used in the development of previous knowledge scales, for example Parmenter and Wardle's general nutrition knowledge questionnaire, 24 the repeated administration of the scale to the same sample within a short period of time was not considered to be a useful indicator of reliability, as knowledge particularly of a topic such as obesity with a high media presence is a theoretically unstable construct. Within the nonexpert group, the ORK-10 scale produces a good spread of scores with no obvious ceiling or floor effects. Although statistically the spread of scores for the nonexpert group is non-Gaussian, Figure 1 resembles a normal distribution. As predicted, scores of the expert group produce a ceiling effect but the spread of scores suggests that even in this highly knowledgeable group the ORK-10 scale still discriminates between individuals.
Face validity for the ORK-10 scale has been established both in pilot work with experts and within the present study. It is, however, also important to establish the criterion validity of a scale empirically, by comparing the scores obtained with an independent measure of the same variable. 20 Univariate analysis indicates that participants with education and vocational experience relating to obesity scored on average 5 points higher than nonexperts, demonstrating a meaningful difference in attainment both statistically and educationally. Standard multiple regression analysis, however, identifies age and education level as potentially confounding factors. Previous research has indicated that cognitive ability is a strong predictor of general health knowledge 25 and education level is independently associated with general nutrition knowledge. 26 It was hypothesized that better educated participants would achieve higher scores on the ORK-10 scores and the observed association provides support for the scale's construct validity. 20 In order to determine whether the ORK-10 scale measures specific obesity-related knowledge rather than, for example, general scientific knowledge, it was important to rigorously control for age and education by entering them into the first stage of a hierarchical multiple regression analysis. Expertise continued to explain an additional 42% of the variance in ORK-10 scale scores. A less conservative analysis of the subset of participants with higher education found that, having controlled for age, expertise accounted for a 65% of the variance in ORK-10 scale scores. The results of this study therefore provide strong support for the criterion validity of the ORK-10 scale.
It is interesting to note the weak but significant association between age and ORK-10 scores, with older participants obtaining better scores. Age has also been found to be a statistically significant, although minor, predictor of general health knowledge, 25 while significantly higher general nutrition knowledge scores have been found among individuals aged 35-64 years compared to individuals aged 18-34 years, although lower scores were recorded among individuals aged 65 years and above. 26 As Parmenter and Wardle   26 point out, it is reasonable to assume that factors related to aging such as increased exposure to health education messages, health experience and increased health salience would influence health-related knowledge. Another noteworthy finding is the inability of sex to predict ORK-10 scale scores. While sex has been shown to have an independent association with both general healthrelated and nutrition knowledge score, 25, 26 it is particularly desirable that no gender effect was observed in the light of the fact that the ORK-10 scale was not developed on separate-sex samples as suggested by Kline. 19 The ORK-10 scale is designed to be a norm-referenced instrument, placing groups of individuals along a continuum of the construct in question. Arguably, however, the scores for the nonexpert group could also be interpreted as indicating a low level of knowledge since the median score for the sample was only 4 out of a possible 10, with a maximum score of 8, compared to a median score of 9 in the expert group. While the sample of nonexperts is not representative of the UK population, this finding does offer some support to the suggestion that levels of knowledge regarding the health risks associated with obesity among the UK population are poor. Analysis of individual items revealed that, while 85% of the nonexpert group knew that obesity increases the risk of developing high blood pressure, only 12% knew that an obese person does not need to lose at least 40% of their body weight for clear health benefits and that obesity increases the risk of breast cancer after the menopause. The item with the lowest percentage of correct responses (4%) referred to the increased health risks associated with obesity in people of South Asian descent.
Limitations
Despite every effort being made to faithfully reproduce the paper-and-pen version completed by the nonexpert group in the electronic version completed by the expert group, the questionnaire format must be recognized as a possible confounding factor when interpreting the results presented in this paper. In a recent review of the benefits and limitations of online data collection techniques, Granello and Wheaton 27 point out that, while there are different views as to the effect of questionnaire format on measurement error, as yet there is no empirical evidence either way. All questionnaires were distributed and completed without the presence of a researcher but the potential for cheating was thought to be minimized by the fact that responses were anonymous, so that a low score would not reflect on the individual in any way. Due to restrictions imposed upon recruitment and data collection methods, the response rate cannot be accurately ascertained, although it appears to be lower than expected. This is not considered to be important for the establishment of reliability and validity in this study, as the characteristics of respondents are only used in the analysis to control for possible confounding factors. The relative homogeneity of the samples used in terms of demographic characteristics has the advantage of minimizing the influence of possible confounding factors, although it does reduce the amount of information regarding the scale's performance with other populations, particularly among the long-term unemployed, adolescents and ethnic minorities.
Additional validation in the form of concurrent validity could be established by correlating responses to the ORK-10 scale with other, well-validated measures of the same construct. 20 Applications for the ORK-10 scale
1. Although the findings of this study support the suggestion that levels of public awareness concerning the health risks associated with obesity are low, this claim needs to be verified by surveys of representative populations. Low levels of knowledge would justify the implementation of a national obesity awareness campaign as proposed in the recent Government White Paper 'Delivering Choosing Health: making healthier choices easier'. 13 2. The ORK-10 scale could be used to explore knowledge levels in strategic groups such as adolescents, parents of young children, people from South Asia or patients with type 2 diabetes mellitus. The results of such studies could then be used to inform the development of health education materials and to target health promotion resources. This would ensure that obesity health education strategies are built on existing knowledge levels, thereby maximizing their efficiency and efficacy. 3. The ORK-10 scale could also be used to investigate the putative relationship between obesity-related health risk knowledge and weight control behaviour. If obesityrelated health risk knowledge is shown to predict weight control behaviour, this would suggest that public health campaigns might be effective in reducing rates of obesity in the same way that, for example, the provision of health risk messages has been successful in reducing rates of smoking. 12 4. Once clinic and population-based health education interventions have been designed to modify obesityrelated health risk knowledge, the ORK-10 scale could be used to evaluate their effectiveness.
5. The ORK-10 scale could also be used with psychometrically sound measures of other constructs, such as selfefficacy, to evaluate social cognition models of health behaviour in order to advance Health Behaviour Theory. 28 6. Health professionals such as doctors, nurses, and dieticians all potentially represent important agents for obesity-related behavioural change but the extent of their intervention with overweight and obese patients is likely to depend upon their recognition of the consequences of obesity. 29 The ORK-10 scale could, therefore, be used to investigate health professionals' obesity-related health risk knowledge and also the impact of that knowledge on their attitudes to obesity and their approach to treatment.
Conclusion
The ORK-10 scale, therefore, has proved to be a reliable and valid measure of knowledge regarding the health risks associated with obesity. It has a wide range of important clinical, professional and scientific applications.
